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Robin A {& @)
—A%u(t—1) = f(t,u,v), tel,T]z,
—A?%u(t —1) = g(t,u,v), t€[1,T)z,
u(0) = Au(T) =0,
v(0) = Av(T) =0

ERNEENE, BEh T > 2 B—NEH, Ault) = ut+1) —ult) RETEENET, f, g:
[1,T]z x [0,00) x [0,00) — [0, 00) ELE,
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Abstract

In this paper, we consider the coupled growth of nonlinear terms for boundary value
problems of systems of difference equations, resolve the positive solutions of boundary
value problems for a class of nonlinear difference equations. Also by using Jensen’s
inequality for nonnegative concave functions and the fixed point index theory, we
discuss the existence of positive solutions of Robin boundary value problems for a

class of second-order difference system

—A%u(t—1) = f(t,u,v), te 1,7z,
—A?%u(t —1) = g(t,u,v), tel,T)z,
u(0) = Au(T) =0,
v(0) = Av(T) =0

where T' > 2 is the integer, Au(t) = u(t + 1) — u(t) is the forward difference operator,

f. g:[1,T)z x [0,00) x [0,00) — [0,00) are continuous.
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W Z TR, SHMTE a, b€ Z H a < b,iC [a,b)z := {a,a + 1,--- ,b}.

AR, B B HUE:. Gt THEL BT B RG. RUFF. AW SR
TR, K 2200 5 RE A I () B AR Rl B R RTRIE 7. 490 0 RO P IR R e ) AL bR
AR R OBAL,  Fiobonacci M #8, &F n) @5E. SR OC T 2 43 77 R (20 12048 1) R PR 1F 9 0 R X
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218, I HRZ HUE R 5100 77 BRI T3 2ok Wik /8. Herh — 38 57 Green B8 RS FITHIE FE L
L i RV A DR SR AR R 8 ) R B 7 BN B R, SRR RIS B e B, B R 5 Bn SN B A SR
fif, S —IORIE MBS, ARk, ISR R A S AN R LR IT, 2 WOCHR [1-10)].

20094F, Henderson [9fEf, g, a, bRAFGRE AT, S THE LRAZ G EHE T 270 &
4

IEMERAEENE, Kb € [1LN = 1]z, o, B, A, p>0, N >4, H f, g, a, bAFHUELL.
FERLIER |, 2011 4, 3 (101078 1 B ASE — UL SR AR I 73 B 22 70 R G0 IR A AE N

2020 £F, 7£3C [11]%, Yang 58 NFE T ARG LM R ELH) Jensen ASEXANAS) 4R 8L, BH7E 1
R NE B F o A 4L Robin A {E 1) &

—(()P=h) = f(t, u,v), t<[0,1],
—(()7) = g(t,u,v), t < [0,1],
u(0) = /(1) =0,
v(0) =v'(1) =0

BRI, Hd p, g > 1, H f, g:[0,1] x [0,00) x [0,00) — [0, c0) ELE.

5 IR SRR A, ASCRI AR S B s B SR VR AR R YT f, g BIR GG, 26 TR0 BT ek
Jensen ANFE G BB FAREPIE KIS IR MG 1, HHFT 740 R B % 9> 5 24 Dirichlet 3418 [] &

“A2u(t—1) = f(t,u,v),  tel,T]s
—A%(t —1) = g(t,u,v), t € 1,7z,
0)=u(T+1)=0,

0)=v(T'+1)=0

u(
o

AR RIAFAETE.

ASCHLINT: B AR LI AR, R H ™ e Bk B TS R A A AR
R A Jensen NE I, 55 =T BA 1S4y A SCEMBUE, B B R BORZIE AR ZE PRI f, iR &4
K. B, fRREIEK, WgRMANERK. fUa, AN, JATG H 1A 3 245 R K AR

2. T EIR

ARSI 22 18] 9
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L E = {u(t)|u:[0,T+1]z = R, u(0) = 0 = u(T+1)}, P:= {u € E|u(t) >0, t € [0,T+1]3},
N E AETEE (|u]| = maxiepo iy, [u(t)] FHIKSLH Banach %06, A P Jy B EH— AN,

SR (u,v) € E x E,
[1(w, v)|[ := max{{|ull], [Jv]|},
W E x EFEFEHL || (u, v)|| FHIBSER Banach %5 [A].
ENRG (1) ST

{ u(t) = ST, Gt 5) f(s,u(s), v(s),  te[1,T],
’U(t) = 2521 G(tv S)Q(Sau(s)aU(S»v te [LT}Zv

ST u(t), v(t)  [0,T+ 1]z >R, EXETF A, Ay :PxP =P, A:PxP—PxP,

{ Ay (u,0)(8) = 7 Gt ) f(s,u0(s),v0(s)), £ € [1, T
A2(u?v)(t) = Zf:l G(t? s)g(s, UO(S)a UO(S>>7 te [13 T}Zv

H A(u,v)(t) := (A1 (u,v)(t), Az (u,v)(t)), FH G(t,s) := min{t, s}, s, t € [1,T)z LNk @

—A2u(t —1) = h(t), te1,T]z
u(O) = A’U,(T) =0

HIRSHRER AL, i, T Ay, Ay, A S, 7R (1) S TE TR (u,v) = A(u,v).
AR EE TR

SIFE 1 ([8]) % F NSEHI Banach 2500, PN E Fi—A4E, Q & P L—/ANG 748 857
T:QNP — PAES FAFE 20 € P\ {0}, 115

x—Tx #Axg, xz€IQNP, A>0,

(T, QN P, P)=0.1 X8 i & P LA 8%
5132 2 ([8]) % E NSZHI Banach Z¥[0], PN E H—ME, Q2 P E— M HIFEE 0 € Q,
HYT:QNP— P &g F

x— ATz #0, ze€dQNP, \el0,1],

(T, QN P,P)=1.XH i 2 P EHARS) SR
3138 3 ([11)) % P x P /& Banach Z[f] (E, |- ||) WI— M, 5T T: P x P — P x P &%,
#irpuxp(T) <1, WHFE P x P FHEF I - T MEESYE YT (I-T)71,

oo

(I-T)prp=> T,

m=0
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Hh rpyp(T) NET T AE P x P _EHJEFAZ.

#I2 1 ([11]) & P x P& Banach 2 (E, || - ||) (—"NE, B T: Px P — P x P 2ES,
#irpxp(T) <1 Hax z9€ Px PR <Tx+x, Mo < (I-T)p. px0.

534 WwePE[0,T+1]z B EMERE, A (0,7 + 1z ER— 8, 15 || = w(r),
|

T
r it
— t) si . 4
lw|l < o ;:1 w(t) sin T 1 (4)

Hort, g = Y0, tsin 5 > 0.

MERR. i ml R,

r T
it t in
_ ia-t TH1) — f (1= —).0)si
;w(r + ( ) 0)sm2T+1—|—t;1w(( +1) T+1+( T—l—l) )sm2T+1
w(r) mt [Jwllpa
t =
- ; A I

I (4) L

SIEE 5 ([7]) WP :[0,00) = [0,00) ZELLH] EINEREL, Uy i [1,T)z — [0, 00) #4245 7E I BRI 2L,
%pi > O, )H\U

N, (Z?—lpi‘yQ(i)> > 23;1171'\1’1(\1/2(7’-))
' Z?:l Di a ZiT:1 Pi .

S 6 % p(t) =sin Z;il, te[1,T)z, W

A DY Gt s)pi(t) = pi(s), s €1,T]z.

e, A\ = 4sin® 7.

G(s,t), t, s € [1,T)z. A A 01, G(s, 1)1 (s) = @u (1), t € [1,T)z. IILEERR L.

BIIE T - [0,00) — [0,00) MELEEHLTE [0,00) b, T o MiEsH 4.

JERR. XSHEER > 20 > 20 > 0, T o L™,

T2 — X1

V() > (w1) +

(¥ () = (x2)),

X — To

&
g%ﬁ
L.&\‘:
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Ghtr o MAEFUE, lim, oo 22 > 0. AT ¢h(a2) > ().

x il

3. EBRLERXIERA

AR E

(H1) B3 f, g: [1,T)z x [0,00) x [0,00) — [0, 00) HELE;

(H2) & 1b1, o : [0,00) — [0, 00) FELE, by A bR H, HAFFER B o > 2(T+1)?sin' 755, ¢ >
0, f#i75

() f(t,z,y) > Yi(y) — e gt 2, y) > Yo(z) —c, t€[L,T]z, @, y € [0,00);

(ii) ¥1(¥2(2)) 2 @z —¢, 2z € [0,00);

(H3) fFEH L ay, by, c1, dy >0, 7> 0, Hrpep(Th) <1, H

f(t,uw) S a1u+ b1v7 g(t,u,v) S clu+ dlvv z, Yy € [077“}7 te [17T]Z7

H ¥ Ty :PxP—PxP,

T

Ty (u,0)(t) == () G(t, s)(aru(t) + bro(t), Y G(t, s)(cru(t) + div(t))).

s=1

A FEBELE R

I 1 BE (H1)-(H3) Bor, R4 (1) BFE — N IEMR.
JEAR. 12 M, := {(u,v) € PxP : (u,v) = A(u,v)+A(wg,wo), A > 0}, HH we(t) := (2T+1)t—t%
% (’LL07’U0) € Ml? D—I\”ﬁﬁ )\0 Z 07 EE

T

uo(t) = Z G(t,s)f(s,uo(s),v0(s)) + Aowo, vo(t) = Z G(t,5)g(s,uo(s),vo(s)) + Aowo,  (5)

s=1

4545 (2), (3) T3, (uo, v0) = A(u, vo) + Ao (wo, wo).

B (H1) ATA, A2ug(t — 1) < 0, T ug 76 [1, T)z b2 BN, FIFEAT4R, v 76 [1,T), B L
M. giE (5) 19,

G(t,5)g(s,uo(s),vo(s)),

M=
M=

uo(t) > G(t,s)f(s,uo(s),vo(s)), wvo(t) >

1 s

s 1

Hifi R (H2) SR () 74,

M=

Z (t,8)P1(vo(s)) — e, vo(t) > ) G(t, s)va(uo(s)) — e, (6)

s=1
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IRk,
uo(t) 2 37 Gt 8)0r (3 Gls, 7 (uo(7))) — . (7)

HT

S Gls,r) = ZT+ o s= THIZ0

T=s+1
& h(s) = TE=0 ) g M L, okl O R E T > 2, BB ST, G(s,m) > 1.
1 oy BRI B 5 W4,

z ST Gs, T)a(uo(1))\ - S0 G(s, 7)1 (Y2 (uo(7)))
1 G (s, )2 (uo(T > Y| =7 > ==
Gl 2 o U )z ==
> (T+1 ZG 8, 7)1 (Y2 (uo (7)),

g4 (H2) 1Y (i) & (7) AT43,
8 d
up(t) > m; (t,s) Z $, 7)1 (Y2 (uo(7))) — c2

T

MH Il

> (Ti—al)z ; G(t,s) 2 G(s,T)ug(T) — c3.
i
uo(t) > Z G(t,s) Z G(s,T)uo(7) — c3. (8)
10 g = Y20 sin g2 > 0. %) (8) WM I e LA sin o2t B ¢ = 1 B T LR, FF6H 5122 6
T,

T T
Zuo 51112T+1 > (T—|— 2Z(ZG(tSZG(STUO )sm2T+1) HaCs3
T=1

t=1 s

= QXT:(

s=1 t

Il
-

G(t, s)sin

Mq

I ST

I
—

T T
Sa ) T8
= TN E E G(s,7)sin T+ 1u0(7) — HaCs

s=1 17=1

T T
8a . s
= TN E g G(s,7)sin T+ 1u0(7) — [ocs

T7=1 s=1

S« 7t
— - 3 - t _ .
RGEIDY ; 1 sin o 1u0( ) — pacs

DOI: 10.12677/pm.2022.126102 934 FRIG R 2


https://doi.org/10.12677/pm.2022.126102

Ho
\

Mt N
ZUO T (11)“ ilﬁzc;z- (9)
51 418,

i uo A, NE v A 1512 4 EI%D,

Tt
[ vo|| < — ZUO Sin G

i (6) FlT (9) 45451 B 6 fe 5| H 4 AT HEH,

T
(T + 1)2>\%M263 .
Ra— (T 12X = 2 uolt)sin

T+1

T T
3 Gltas)nlvols)) sin o — ey

>
t=1 s=1
T T
= 3G ) (s sin T — o
’ T + 1
s=1 t=1
= — t
M;wl(vo( S111 11 HaCq
T
1 Uo(t) )
fr— —_— SlIl -
AI;’“(HUOH lvoll ) sin 5= = pocn
T
1 91 (J|vol])
> sm — C
= N el Z 1o e

A _
> Lyl = e

PRI,
(T+ 1)27“/\%#203 r)\lugcl

Urlllvoll) < e =TT Doany t

H (H2) AIEL, lim, o 901 (2) = oo, WIAFELE cq > 0, 1815 |lvo|| < ca, B M, B 5.

% R > sup{(u,v) : (u,v) € My}, WAELE wo # 0, 15 (u,v) # A(u,v) + Mwo,wo). HFIEE 1,
{5 (u,v) € 0BR NP x P, A\ #0,

i(A,BRNP x P,Px P)=0. (10)

i My = {(u,v) € B.NP xP: (u,v) = M(u,v), A € [0,1]}, FiE My = {0}. % (uo,vo) €
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Mg, (Uo,'l)o) c BT NP x P, I)_I\IJ (’LLo,"Uo) = AoA(Uo,Uo). EETI"ﬂ%E (1) %’Tﬁ?ﬁ%jﬁ*% (Uo,'l)o) =
A(ug,vo), &H (2), REA N € ]0,1],

G(t,s)g(s,uo(s),vo(s)),

M-

Uo(t) < ZG(tvs)f(37UO(5>va(S)>v U0<t) <

s=1
i (H3) &1,
T T
uo(t) <Y G(t,s)(arug + bivg), vo(t) <D G(t,s)(crug + divo),
s=1 s=1
NI]
(u0,v0) < T1(uo,vo). (11)

FHAER 1 A0 (10) W50, up = vo = 0, L My = {0}. HH5I3 2 w50, X T4EE (u,v) € B,NP x P, A €
[0, 1], (u,v) # AA(u, v).
i(A,B,NP x P,PxP)=1. (12)

ditr (10), (12) 79,
i(A,(Br/B,)NP x P,Px P)=—1.

EEUIH

K E R R 3 475 4 5 4 % B H (11801453, 11901464), H il & H R H & & i 0 &
B5(20JR10RA100).
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